Recent progress on the bottomonium states is reported. This talk briefly reviews the observation of h b (1P ), h b (2P ), Z + b1 , Z + b2 states, transition of h b (nP ) → η b (mS)γ and new studies on the η b (2S) state. Other η and π + π − transitions of Υ(nS) are also discussed.
I. STUDY OF BOTTOMONIUM
The history of bottomonium starts in mid 1977 where an enhancement was observed at a µ + µ − mass peak near 9.5 GeV, from the collision of 400 GeV protons on nuclear targets at Fermilab [1] . In 1978, with much improved resolution, the Υ particle was observed with a width limited by energy spread of beams at the DORIS e + e − storage ring. Just like the J/ψ particle, the Υ discovery comes from direct production, thanks for the spin-parity J P = 1 − and its substantial leptonic partial width. However, other particles of the bottomonium family can not be directly produced at an e + e − collider. So, alternative experimental methods should be used to search for these states. For example, the P -wave states of b andb were discovered using the inclusive photon spectrum of Υ decay at Crystal Ball collaboration in 1985. In Fig. 1 left, A triplet of peaks between 100 and at 200 MeV is clearly seen, which corresponds to Υ → γχ b ( 3 P 2,1,0 ) transitions, while the peak at the right is due to reflection from χ b → γΥ. Now, a large of set bottomonium states has been predicted and studied, which was nicely arranged according to the bb level scheme (PDG). Recent discoveries of new bottomonium states also follow the history, where the inclusive or semi-inclusive methods play important role. As two examples not long ago, BaBar collaboration discovered the lowest lying bottomonium state η b using the same inclusive γ spectrum method [3] , and CLEO collaboration discovered Υ(1D) using the recoil mass of two soft γs with l + l − tagging [4] , which represents the inclusive property of two γs. In the following sections, recent results of bottomonium, especially those obtained from Belle's large 121.4 fb −1 Υ(5S) data, are discussed.
II. Υ(5S) AND h b PARTICLES
In 2008, Belle collaboration reported surprising large partial widths of Υ(5S) → Υ(1, 2, 3S)π + π − [5] , which are two orders of magnitude larger than the widths of Υ(2, 3, 4S) → Υ(1S)π + π − . While the reason of this discrepancy is unclear, an Υ state different from the conventional bb bound state has been considered [6] . In 2011, CLEO-c collaboration suggested that the cross-sections of h c π + π − and J/ψπ + π − are of similar magnitude, and are all enhanced near 4.26 GeV e + e − energy [7] , although for h c π + π − the statistics was limited. Interpreting this enhancement as the Y (4260) resonance, the partial width of Y (4260) → J/ψπ + π − has been shown to be greater than 508 keV at 90% confidence level [8] , which is much larger than the partial widths of ψ (102 keV) and ψ (53 keV). This behavior is similar to the bottomonium case of Υ(5S). Thus, we naturally think that the h b π + π − production rate is also greatly enhanced in the Υ(5S) region, by assuming the similar mechanism as in the charmonium case. The h b decay modes are unknown and should be complicated, since it will decay to light quarks. In order to study the decay Υ(5S) → h b π + π − , we can still use inclusive method to avoid reconstructing h b directly. The recoil or missing mass of
2 was studied at Belle. Here P is the four momentum of relevant particles, with the P (Υ(5S)) obtained from beam energies. The spectrum of
shown in Fig. 1 right is of huge statistics which is around 1 million events per 1 MeV. Nevertheless, it shows the similar behavior compared to the Crystal Ball's inclusive photon plot in Fig. 1 left. By fitting it, Belle made the first observation of h b (1P ) and h b (2P ) states [9] , whose masses agree with the theoretical expectation from center-ofgravity of χ b states. However, the mechanism of Υ(5S) → h b (nP )π + π − decay is exotic, because the ratio of spin-flip
While CLEO-c did not report any resonance structure in the h c π + π − system, Belle has enough statistics to study the resonance structure of the three body h b π + π − in Υ(5S) decay. This was achieved by looking the missing mass of a single π + or π − , which should effectively be the
. Because of symmetry transposing π + and π − , the two missing mass distributions is combined and upper half of the available range is used, which we denote as M M (π) distribution. Then the missing mass of two pions M M (π + π − ) was fitted to extract h b (1P ) and
. The resulting spectra of h b yields as a function M M (π) will be background-free
from data exhibits a clear twopeak structure without significant non-resonance component (Fig. 2 left) . The distribution M (h b (2P )π) behaves similarly with smaller statistics. These two structures are referred as Z b1 and Z b2 and parameterized as two P -wave Breit-Wigner amplitudes. The fit function with
Here the amplitude of two resonances and a non-resonant component are added coherently to form the rate, which is then multiplied with a phase-space factor
, where q or p is the momentum of the pion from Υ(5S) or Z b decay in the rest frame of their mother particles.
The Z b particles can also be studied from the decay Υ(5S) → Υ(nS)π + π − , with n = 1, 2, 3. In this case, the final state particles can be fully reconstructed with Υ(nS) → µ + µ − . Dalitz analysis is then performed to the three-body final states to extract maximal information. The amplitudes used in the parametrization includes two Breit-Wigners for Z b1 and Z b2 , a coupled-channel Breit-Wigner for f 0 (980) scalar, a Breit-Wigner for f 2 (1270) tensor state, and a non-resonant amplitude. Results of Z b parameters for all five channels are consistent, and the average masses and [14] . Fig. 3 (d) shows the fit. This is of about 5 sigma discrepancy compared to the Belle result and is in strong disagreement with theory. So further experimental clarification is needed.
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have made a large number of MC simulations and find that the predicted shapes of these contributions differ substantially between different decays and multiplicities, particularly in the tail regions. Further, they cannot be added to produce the composite shape because the relative proportions of the individual contributions are not known. Hence, an empirical approach to fit it was adopted, and fits with different fit functions [exponentials of the form expðax þ bx 2 þ cx 3 þ Á Á ÁÞ] were tried. The best fits were consistently obtained with a single exponential. Single exponentials were also found to best fit the data for Çð3SÞ. In the left panels of Fig. 2 , we show the fits in linear plots. In the right panels, we show the same fits in log plots to illustrate that the single exponentials fit the ÇðnSÞ contributions very well, and the enhancements at $70 and p 
V. η TRANSITIONS OF Υ(nS) AND OTHER Υ(5S) DECAYS
The transition Υ(nS) → ηΥ(mS) is a spin-flip E1M2 transition. From the QCD multipole formalism [15] , this spin-slip amplitude scales as 1/m b , and this η transition is suppressed compared to the ππ transition. However, the experimental values do not support those predictions. Scaling from the known branching fraction ψ → ηJ/ψ, the branching fraction of Υ(2S) → Υ(1S)η should be around 8×10 −4 , but the experimental value is around 2×10 −4 [16] .
In addition, from Ref. The Υ(5S) data was also analyzed similarly to search for transitions to Υ(1, 2S)π + π − γγ states, with Υ(1, 2S) reconstructed in the µ + µ − channel. If we require the η → π + π − π 0 selection criterion for the pions and photons, η transition of Υ(5S) can be studied. At the same time, if we require the Υ(2S) → Υ(1S)π + π − selection, Υ(5S) → Υ(2S)η can also be studied, since the remaining two γs can make an η. This time we simply fit the difference of the Υ(5S) candidate's energy and beam energy in the center-of-mass system to extract the signal. This method gave the same result as fitting the missing mass of η. We found B(Υ(5S) → Υ(1S)η) = (7.3 ± 1.6 ± 0.8) × 10 −4 , B(Υ(5S) → Υ(2S)η) = (38 ± 4 ± 5) × 10 −4 , and B(Υ(5S) → Υ(1S)η ) < 1.2 × 10 −4 (90% CL). Fig. 5 (a,b) shows
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Presented signal and a third-order polynomial for the background ( signal and a third-order polynomial for the background (Fig.3) . All parameters are freely varied except the width and the mean of the Gaussian, which are set to the values determined by MC simulation. No clear evidence for a π 0 signal is found in either the Υ(1S) → e + e − or the Υ(1S) → µ + µ − mode. The signal yield from the fit is N π 0 = 10 ± 5.
An upper limit on the number of Υ(1S)π 0 candidates, N 
